Post-operative data have been presented in seven patients with atrial septal defect. In five of them, residual patency of the atrial septum was found at cardiac catheterization, but in two the defect had been closed.
Post-operative data have been presented in seven patients with atrial septal defect. In five of them, residual patency of the atrial septum was found at cardiac catheterization, but in two the defect had been closed.
All showed evidence of'left-sided dysfunction', expressed either as an increase in the pulmonary arterial wedge pressure or the left ventricular end-diastolic pressure or both. The reasons for these findings are not clear, though in several there were indications of impaired right ventricular compliance andpossible transmission of raised right-sidedpressures to the left side of the heart through a stillpatent atrial septum. This could not, however, be the mechanism in all cases, and dysfunction of the left ventricle has been seen in two patients in whom the defect was securely closed. The cause of this phenomenon in these selected cases remains obscure.
Opinions have differed about the management of patients with atrial septal defect, especially in the older age-groups. The merits of surgical versus medical therapy in patients who are in the fifth or later decades of life have been discussed by Daicoff, Brandenburg, and Kirklin (I967), Wolf et al. (i968) , and Gault et al. (I968) .
In assessing the advisability or otherwise of operation, the ultimate fate of the operated patients must be taken into account as well as the operative risk, and too little well-founded information is available on this point. There is no doubt, however, that many patients do very well indeed for many years after operation.
Over the past years we have encountered some patients in whom there have appeared signs of left heart dysfunction after operation, in some cases accompanied by evidence of persistence of an interatrial communication, but in others when the defect has been apparently soundly closed. We feel that these cases merit recording, not because they are representative of the behaviour of patients who have undergone an operation for atrial septal defect but because they illustrate unpredictable but real complications in the postoperative course. Subjects and methods Seven patients have been encountered among those operated on for atrial septal defect, who have shown evidence of left ventricular dysfunction after operation. They form the subject of this report. Clinical details are given in Table I. Pre-operative catheterization studies were performed in six of the patients; in the seventh, pressure measurements were made at the time of operation. Post-operative data were obtained by catheterization in all patients, with exercise measurements in all but one.
The techniques used in Cases I to 4 have been described elsewhere (Davies and Gazetopoulos, I966) . In Cases 5 to 7 the methods were similar with minor variations. Studies of the left heart were in addition performed either via percutaneous arterial puncture (Cases i and 3), by crossing the still patent atrial septum (Cases i and 4), or via a brachial arteriotomy (Cases 5 to 7).
Symptoms and signs
In all patients some unusual feature in the postoperative course led to the performance of the second study. Thus, Case i, despite the usual regression in heart size and electrocardiographic changes, insisted that her pre-operative dyspnoea was unrelieved, and five years after operation noted a worsening of dyspnoea and swelling of the ankles. Case 2 developed atrial fibrillation, unresponsive to drugs or to later electrical cardioversion, at the time of operation. Six years after operation she began to notice breathlessness on exertion, and was found to have a right ventricular lift as well as some increase in the jugular venous pressure, with some increase in heart size and electrocardiographic voltage (Rl in VI) as compared with the early post-operative findings.
Case 3 was admitted to hospital with rapid atrial dysrhythmia and pulmonary oedema four years after operation (Fig. i) 
Results
Haemodynamic data are shown in Table 2 .
Various aspects of the findings will be described separately.
Residual patency of the interatrial septum In five of our seven cases we have found evidence of a remaining defect. In two the findings indicate that it was firmly closed. In Case i direct passage of the defect by the catheter confirmed that the arterial desaturation on exercise was due to septal patency, and dye curves from the inferior vena cava showed an early appearance at the ear. In Case 2 arterial desaturation occurred on exercise, presumably (though not in this case proved to be) due to septal patency. In Case 3 the arterial oxygen saturation fell on exercise, and dye curves showed a right-to-left shunt at atrial level. In Case 4 a large left-to-right shunt at atrial level was found. In Case 6 the hydrogen curves were difficult to interpret, but may have been positive in the pulmonary artery. There was no rise in oxygen saturation at any point in the right heart, nor was there any arterial desaturation on exercise. The data were interpreted as showing probably a small residual defect, hydrogen-positive but oxygen-negative. Cases 5 and 7 showed negative hydrogen curves in the pulmonary artery, and the arterial oxygen saturation did not fall on exercise. The defects were considered to be closed in these two patients.
Shunts Of the five patients with evidence of a residual defect, only in Case 4 was there a significant left-to-right shunt. In Cases i, 
Pre-op. Pressures Abnormally raised pressures, either in the pulmonary arterial wedge position, the left atrium, or the left ventricle, were found in all patients. Fig. 2 shows the pressure tracings from the right atrium and pulmonary vein in Case i. Fig. 3 from the same patient shows strikingly abnormal transmitted 'a' waves in the left ventricle. Fig. 4 shows the raised right atrial and wedge pressures in Case 2. Fig. 5 illustrates that the wedge pressure in Case 3 rose to a mean level of 26 mm. Hg on exercise. Fig. 6 shows the abnormal contour of the right atrial pressure tracings in this patient, indicating impaired ventricular compliance. Abnormal left heart function after operation for atrial septal defect 751 same. Thus, failure of either ventricle, or both, must be accompanied by similar effects on the two atria and their respective venous systems. For a large left-to-right shunt to be present, the size of the defect must presumably be considerable, but transmission of pressure from one atrium to the other and hence to the opposite ventricle may not require a large defect. In atrial septal defect, therefore, an increase in the end-diastolic pressure in the left ventricle is a necessary consequence of a rise in that of the right, and vice versa. Tikoff et al. (I965) quote the evidence of Brecher and Opdyke (i95I) as support for the concept that the right atrial pressure can remain normal despite the development of right ventricular failure in large atrial septal defects: in addition, the work of Rodbard and Kohn (1957) using a circulation model, and that of Hawthorne, Brownlee, and Spellman (I956) indicating that systemic venous pressure rises in dogs with surgically-created atrial septal defects after the production of left ventricular failure by induced aortic insufficiency, support this concept. It would indeed be surprising if this did not occur, for there can be no question that left ventricular failure in atrial septal defect does cause systemic venous hypertension. Whether or not this is the usual mechanism in the natural atrial septal defect remains, however, unproved. The main changes in the heart with atrial septal defect are in the right atrium and ventricle, the latter being much dilated in patients in heart failure, while the left ventricle remains unhypertrophied. Since the brunt of the lesion falls on the right ventricle, failure of this chamber would not be an unnatural consequence, and it would be strange if later in the course of the natural evolution of the disease its enddiastolic pressure should not rise, with the necessary consequences on the left side of the heart and t.ie pulmonary venous pressure. Abnormal left heart function after operation for atrial septal defect 753 similar example. After operation, when the defect was apparently closed, evidence of biventricular failure was found with an increase in the pulmonary artery wedge pressure, the patient having developed peripheral oedema and pulmonary congestion. Leuker, Vogel, and Blount (I969) have studied the response to exercise of 2I patients after operation for atrial septal defect, and found abnormal behaviour in six (one with complete heart block) and borderline responses in three.
The function of the left ventricle in patients with heart disease who have been subjected to major operative procedures continues to be an intriguing topic. We have observed unexplained left ventricular dysfunction after mitral valve surgery, and while coronary arterial disease is always a possibility to explain this, it is unlikely that in the present series of relatively young patients it is a major factor.
Sellers et al. (I966) have commented on the problem of air embolism during operations for atrial septal defect and the measures that they take to deal with it. Before concluding that surgical trauma is responsible for the post-operative findings, however, it should be noted that both Cases 5 and 6 showed slight increases in atrial pressure before operation, which gave rise to clinical suspicion of an unusual situation.
Whatever the cause, the present evidence of post-operative morbidity might reasonably be taken into account in deciding on the management of asymptomatic patients with atrial septal defect.
